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PURPOSE
The purpose of this report is to provide hydrologic data and analyses and ground-water modeling results that can be used in the evaluation of the lake management proposal.
The purpose of the study is to describe:
(1) hydrologic conditions during the study period, (Linsley and others, 1975, p. 78-83) . Rainfall data needed for these computations were obtained from two Geological Survey stations at Reelfoot Lake and from the National Weather Service station at Samburg (plate 1). The total monthly rainfall was then compared to the 30-year standard normal , 1982) .
Although evaporation from a lake surface may differ significantly from free water-surface evaporation during a given month because of changes in heat storage in the lake, it was assumed for the purposes of this study that free water-surface evaporation and lake-surface evaporation were equivalent. The On an average annual basis, pan evaporation at Martin and lake-surface evaporation at Reelfoot Lake are lowest in January (0.69 inch and 0.52 inch, respectively) and highest in June (7.51 inches and 5.71 inches, respectively). During the study period, a minimum monthly mean pan evaporation at Martin (1.15 inches) and a minimum monthly lake-surface evaporation at Reelfoot Lake (0.87 inches) occurred in December.
A maximum monthly pan evaporation at Martin (7.66 inches) and a maximum lake-surface evaporation at Reelfoot Lake (5.82 inches) occurred in June during the study period. 
where S is net change in lake storage, in acre-feet, SI is total surface flow into the lake, in acre-feet, P is total rainfall into the lake, in acre-feet, SO is total surface flow out of the lake, in acre-feet, E is total lakesurface evaporation, in acre-feet, and + GW is net ground-water flow into (+> or out of (-1 the lake, in acre-feet. Water budgets, without estimates of errors, can be misleading and can give a false impression about how well the budgets are known. No water budget is without error when compared to the exact natural phonomena and interdependency of the controlling hydrologic components. Therefore, an error analysis of the hydrologic components in the monthly water budget for Reelfoot Lake was performed in order to put the monthly water budget in perspective.
This error analysis allows the use and limitations of the information contained in the water budget to be assessed by the reader and allows the budget to be used realistically.
Ground-water flow into or out of Reelfoot Lake was calculated as the residual of the water-budget equation; therefore, monthly groundwater flow estimates contain errors (uncertainties) resulting from each of the hydrologic components used in the water-budget equation along with the error associated with neglecting evapotranspiration losses.
The magnitude of the error associated with measurement or interpretation of each hydrologic component was determined by methods described by Winter (1981) and is shown in table 7. This percentage range yields approximately 8.1 to 9.6 in/yr of recharge on an average annual basis for the Reelfoot Lake basin and is assumed to be uniformly distributed over the basin. Seepage from the Mississippi River and its tributaries, surface runoff onto the alluvial plain from adjacent uplands, seepage from Reelfoot Lake, and underflow from the bluff area also contribute recharge to the alluvial aquifer.
Gn a regional scale, ground water moves west toward the MiSSiSSippi River; however, when the water-surface elevation of the Mississippi River is higher than the adjacent water- Seasonal variations between modeling periods were simulated by changing the water levels and the area1 extent of the lake, its tributaries and outflow, and the Mississippi River. Steady-state conditions were assumed for modeling purposes , although hydrographs from the observation wells, Mississippi River, and Reelfoot Lak-e, indicate that water levels changed very slowly during the two time periods.
On the average, water levels in the observation wells, the Mississippi River, and in Reelfoot Lake declined 0.7 feet, 5.0 feet, and 1.0 feet, respectively, during the August-September period and increased 0.5 feet, 2.5 feet, and 1.0 feet, respectively, during the November+ December period.
Values for transmissivity and recharge were initially chosen based on the previous literature cited. The aquifer was simulated as a one layer system having an assumed uniform transmissivity of 45,500 ft2/d for each grid block. The clay and fine sand (confining unit) underlying the alluviumwas assumed to be the impermeable base of the model.
The south boundary of the model was assumed to be a no-flow boundary because groundwater flow is generally parallel to the boundary (plates 2 and 3).
Grid blocks that represent the Mississippi River (north and west boundaries, plates 4 and 5) were simulated as constant head nodes, and groundwater flow across this boundary was calculated by the model for both simulation periods.
Each grid block that represents the river was assigned a water level based on the measured or calculated stage at that river mile occurring at the end of each simulation period.
The large river meander along the west boundary (plates 4 and 5) was projected onto the grid as a straight line.
The water levels for these grid blocks were adjusted to compensate for the change in water-surface elevation with distance.
Grid blocks corresponding to Reelfoot Lake, its tributaries, and Running Reelfoot Bayou, which is the lake outflow (plates 4 and 5) were also modeled as constant head nodes in direct contact with the aquifer. Ground-water flow across these boundaries was calculated by the model for both simulation per--iods.
Measured surfacewater levels which occurred at the end of each simulation period were used as input for the constant head nodes.
Comparisons of the lake hydrograph with hydrographs of wells located near the lake indicate a good hydraulic connection between the lake and the aquifer. Changes in lake level and water levels in the aquifer appear to be simultaneous.
Grid blocks representing
inflow from the bluff area along the east bound--ary (plates 4 and 5) were modeled as constant-flux nodes. The rate of flow for each simulation period was estimated from flow net analyses along the bluff line in plates 2 and 3. An average flow rate of 0.24 ft3/s was used for each constant-flux node during the August-September period, and 0.98 ft3/s for the November-December period.
Model
Simulation for Novepber-December, 1984 Steady-state groundwater conditions were assumed for the NovemberDecember period.
Hydrographs from the observation wells indicate water levels changed very slowly during this time period and the systemwas assumed to be in equilibrium.
A net area1 recharge to the aquifer of 2.93 inches was assigned to each active model node.
Ihis recharge rate is approximately equal to 25 percent of the total rainfall during the 2month simulation period.
Model results were compared to measured water levels and potentiometric contour lines from plate 3 and to estimates of the ground-water inflow to Reelfoot Lake (table 5) .
The average head difference between model-calculated and measured ground-water level values is 0.8 foot, and head differences range I8 from 8.6 feet to -4.4 feet.
The calculated root mean square error and standard deviation of the differences between model-calculated and measured ground-water levels is 2.5 feet and 2.3 feet, respectively.
' Overall, the model-calculated water-levels are similar to the observed water levels.
Model-calculated water levels generally were higher than measured levels except between the south boundary and the lake (plate 6). The lower model-calculated levels in this area may indicate that assumed aquifer transmissivity in this area was too large, or that groundqater seepage to tributary streams was overestimated, or that recharge rates to this area were underestimated.
The higher model-calculated water levels along the east boundary of the model (plate 6) may have resulted from using an over-estimated average constant-flux rate for each node along the full length of the boundary, rather than a constant-flux rate for each node that varied with the computed flux rates from the flow net analyses.
Righer model-calculated water levels may also be due to inaccuracies in simulating this boundary with respect to its actual location in the study area.
The model-calculated ground-water inflow to Reelfoot Lake for the 2month simulation period is 71.6 ft3/s (8,660 acre-ft), and the estimated water budget ground-water inflow (table 5) is 95.0 ft3/s (11,490 acre-ft).
In this report, the ground-water flow in acre-feet is a conversion of an instantaneous flow rate to a 2-month flow rate.
The 23.4 ft3/s (2,830 acre-ft) discrepancy may result from underestimation of the area1 recharge rate during the simulation period, overestimation of the transmissivity distribution, or underestimation of the flux from the east boundary (bluffs).
The estimated water-budget groundwater inflow could also be overestimated because of uncertainties associated with calculating groundrater flow as the residual of the water-budget equation. The potential error associated with this calculation is approximately 40 percent.
Therefore, the model%alculated value is within the accuracy range of the water-budget method.
Model Simulation for August-September 1984
Steady-state ground-water conditions were also assumed for the AugustSeptember period.
Hydrographs from the observation wells indicate water levels changed very slowly during this time period and the system was assumed to be in equilibrium.
This model simulation included the same transmissivity value used in the simulation of November-December conditions. Values for constant head nodes were changed to simulate water levels in the river, lake, and streams occurring at the end of September. location of some constant head nodes were changed to reflect the lesser area1 extent of the river, lake and tributaries (plate 5).
The recharge rate was varied areally in order to simulate evapotranspiration by phreatophytes in the approximately 31.5 mi2 wetland area (estimated from topographic maps) along the west and north shores of the lake.
Grid blocks representing the wetland area were simulated with no recharge, because evapotranspiration is assumed to equal recharge in the wetland area. The remaining model nodes were assigned an area1 recharge of 2.93 inches for this simulation period.
Although this recharge volume is equal to approximately 49 percent of the total rainfall during the L-month simulation period, it was required in order to obtain an acceptable model simulation of observed ground-water levels. This recharge volume may be realistic because a lowered water table and other . possible hydrologic factors may have resulted in le+6s rejected recharge, resulting in a larger percentage of rainfall contributing to recharge.
Model results for this simulation were compared to the measured water levels and potentiometric contour lines from plate 2 and to estimates of the groundwater outflow from Reelfoot Lake (table 5) . The average head difference between model-calculated and measured ground-water level values is -1.9 feet, and head differences ranged from 4.8 feet to -11.5 feet. The calculated root mean square error and standard deviation of the differences between modelcalculated and measured ground-water levels is 3.8 feet and 3.4 feet, respectively.
Overall, the model-calculated water levels are similar to the observed water levels.
Model-calculated groundwater levels generally were lower than measured levels except between the north boundary and the lake (plate 7). The higher model-calculated water levels in this area may be due to underestimation of the evapotranspiration rate, overestimation of recharge to this area, or underestimation of the transmissivity distribution.
The lower model-calculated _ water levels between the west boundary and the lake (plate 7) may result from projecting the large river meander onto the model grid as a straight line, placing the meander closer to the lake than its true location, or from over estimation of the transmissivity distribution, or from underestimation of recharge to this area.
The model-calculated ground-water outflow from Reelfoot Lake for the 2-month simulation period is 11.7 ft3/s (1,410 acre-ft). The estimated water budget s round-water outflow is 26.5 ft3/6 (3,210 acre-ft) ( 
Reliability -of Model Calibration
The model-calculated water levels for the two simulation periods generally are within + 5 feet of the observed water levels for these periods.
Reliability of the model results cannot be evaluated solely on the basis of the similarity in water levels because the water levels are, to a large extent, Actual ground-water level decreases near the river will, therefore, be more dependent on river stage than lake stage.
The lake level during the August-September simulation period was 280.5 feet which is 1.7 feet lower than the normal pool elevation of 282.2 feet. In order to assess the potential impact of a lake drawdown of 5.8 feet from a normal pool elevation of 282.2 feet to a pool elevation of 276.4 feet, a constant of 1.7 feet must be added to each of the lines of equal value in plate 8. Ground-water level increases of approximately 0.4 foot in the area border ing the lake are indicated in plate 9 for the simulation of abovenormal lake level.
It is also noted that ground-water levels increased less with increased distance from the lake.
Effects of evapotranspiration for this seasonal period would probably be negligible because the phreatophytes are normally dormant during the winter.
During the November-December simulation period, the water surface of Reelfoot Lake was at elevation 282.8 feet which is 0.6 foot higher than the normal pool elevation of 282.2 feet. In order to assess the potential impact of a lake level 1.0 foot above a normal pool elevation of 282.2 feet to a pool elevation of 283.2 feet, a constant of 0.6 foot must be added to each of the lines of equal value in plate 9. Ghanges in ground-water levels near.the river will be controlled by river stages more than by lake stages.
SUmMARY
Surface-water and ground-water data collected from May 1 to December 31, 1984, under an ongoing separate cooperatively funded project were used to evaluate the hydrologic system of Reelfoot Lake. Long-term streamflow, rainfall, evaporation, and lake-level data were used to describe normal hydrologic conditions at Reelfoot Lake. These data were also used to assess the potential hydrologic effects of a mid-summer lake drawdown of 5.8 feet below normal pool (276.4 feet) and a late fall lake refill to 1.0 foot above normal pool (283.2 feet) on ground-water levels surrounding Reelfoot Iake.
Estimated monthly water budgets, assuming normal climatic and hydrologic conditions, were derived for Reelfoot Lake in order to determine the time required to refill the lake to normal pool and then to 1.0 foot above normal pool beginning on November 1 of a normal year.
Results of these determinations indicate that a normal pool elevation of 282.2 feet would probably be achieved by mid-January, and a pool elevation of 283.2.4 feet by the end of January.
Ground-water level data from 31 observation wells were used to develop potentiometric contour maps for the lowest (September) and highest (December) ground-water levels during the study period. The potentiometric maps indicate ground-water flow generally is from the bluffs toward the Mississippi River and Reelfoot Lake.
The direction of ground-water flow is controlled by head differences between the water-table aquifer, the Mississippi River, and Reelfoot Lake.
Ground-water level data and surface-water records indicate the Mississippi River contributes to groundrater recharge and surface runoff from December to May when river stages are normally 10 to 20 feet higher than the adjacent water-table elevations and lake stages.
Ground-water level data were also used to calibrate a two-dimensional ground-water flow model for two steady-state periods (August-September 1984 and November-December 1984).
The calibrated model for August-September 1984 and November-December 1984 wa6 then used to simulate ground-water levels following a lake drawdown of 5.8 feet below normal pool and a lake refill to 1.0 foot above normal pool and to check independently the residual term (net groundwater flow into or out of Reelfoot Lake) of the waterbudget equation.
Overall comparisons of the model results to observed groundwater conditions during the study period are acceptable.
The model reasonably simulated groundwater conditions at Reelfoot Lake for two different ground-water and surface-water conditions, and the model may be considered as a reasonable representation of the groundwater system under equilibrium conditions. Modelcalculated water Levels for the two simulation periods generally are within + 5 feet of the observed water levels for these periods. 
